Acrylonitrile was successfully grafted on polystyrene modified with activated carbon using gammairradiation technique. This process was carried out modified at various gamma dose (0.2 to 1.5 Mrad). The new grafted polymer (GP) was characterized and its properties were investigated. In this study, it was found that 2 gm of polystyrene, 90% (w/w) acrylonitrile monomer, 2% (w/w) ferrous ammonium sulfate (FAS) catalyst, 1 mg activated carbon powder and 1.25 Mrad gamma dose are the optimized conditions required for the polymerization of GP. The grafted polymer was proved by Fourier transform infrared (FTIR), thermo gravimetric analysis (TGA) and UV-visible spectroscopy. A mechanism is presented to explain the formation of GP.
INTRODUCTION
The uses of ionizing radiation to grafting the macromolecules with monomer molecules were the subject of several early studies. Special concern was paid by other studies to those macromolecules which have industrial applications such as polyethylene, polypropylene, polystyrene, cellulose and others. Some times used gamma irradiation in grafting process with presence of atmospheric oxygen using different parameters that is, temperature, solvents, and catalyst variations, it was suggested that the degree of grafting of monomer increases with increasing of the dose and the concentration of the monomer to certain limits. It is well known that physical chemistry properties of some polymers can be verified to accommodate certain industrial and other applied demands (Dongming et al., 2009; Nicholas, 1997; Chan et al., 2008) .
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polymerization. Direct electrophilic addition of chloroform and subsequent hydrolysis introduced hydroxyl groups to the surface of SWCNT. Transmission electron microscopy analysis clearly showed that, approximately 6 nmthick polystyrene layers was uniformly formed on 1.2 nm diameter SWCNT (Jin et al., 2005; Zdenko et al., 2010; Titus et al., 2006) .
Treatment of activated carbon (AC) through polymerization compounding not only increases the adhesion between polymer and AC but also helps to disperse AC into a viscous matrix with existing equipment. Polymerization compounding was used to graft poly (ethylene oxide) (PEO) chains on the AC. The complex viscosity of the composites containing up to 10% of treated AC was found to be smaller than that of the polymer matrix and considerably smaller than that of composites containing untreated AC (Alireza et al., 2006) .
The grafting of polyamide-block-poly (ethylene oxide) (PA-b-PEO) and poly ethylene-block-poly (ethylene oxide) (PE-b-PEO) onto a AC surface was achieved by the irradiation of gamma irradiation. The composite from both copolymers grafted AC responded to the low vapor concentration with a linear relationship between the electric resistance and the concentration of the vapor in dry air. This indicates that the composite can be applied as a novel gas sensor (Jinhua and Norio, 2000; Hiromitsu et al., 2006a, b; Haruo et al., 2007) .
Poly (styrene-co-acrylonitrile)-graft-poly (propylene oxide), the stabilizer formed in situ in the dispersion polymerization of styrene, acrylonitrile and macromonomer was separated from ungrafted copolymer by liquid chromatography. After the determination of the separation conditions by thin-layer chromatography, the effective separation of the graft polymer from copolymer was achieved by liquid column chromatography. The grafting efficiency and the composition of the grafted polymer were determined by UV-visible and 1H NMR (Guo et al., 2001) .
Gamma irradiation-induced grafted copolymerization of styrene onto poly (ethylene terephthalate) films was studied using simultaneous irradiation technique. The grafting conditions include monomer concentration, irradiation dose, dose rate and the type of solvent were investigated (Mohamed, 2000) .
The gamma irradiation induced the surface of grafted copolymers of styrene-acrylonitrile and styrene-methyl acrylate to teflon were studied. It was observed that the compositions of the various grafted copolymers are richer in the more polar monomer. These results were interpreted in terms of a preferential salvation of the relatively immobile growing grafted polymer by free radicals of the polar monomers (George et al., 2003) .
In this study, we prepared acrylonitrile grafted in the polystyrene beads modified with activated carbon by gamma irradiation induced polymerization. The synthetic procedure and surface property were investigated by using Fourier transform infrared (FTIR), UV-visible spectroscopy and thermo gravimetric analysis (TGA).
EXPERIMENTAL DETAILS

Chemicals and materials
Polystyrene from Sigma Aldrich, Germany, 2009. Acrylonitrile a commercial form was purchased from Merck, Germany 2009 and used without any laboratory interferences. Activated carbon and dimethyl formamide (DMF) from BDH Limited Poole England. FAS a grade of Fluka-Garantic was used. Chloroform and ethanol from Scharlau.
Techniques
Gamma irradiation technique
Irradiation procedure was carried out by introducing polystyrene in a pyrex tubes with acrylonitrile as monomer and activated carbon as modifying agent using chloroform as solvent and FAS as a catalyst. The irradiation performed in the presence of atmospheric air. The resulting of grafted polymer was dissolved in DMF solvent, precipitated by ethanol then filtered using funnel. Precipitated process was repeated three times and then the yield was kept Radhi et al. 791 under reduced pressure in order to ensure complete removal of solvent. The gamma-irradiation was obtained with dosing rate 1. 1 Mrad h -1 using gamma cell 220 of Co 60 Canadian type.
Fourier transform infrared (FTIR) technique
The FTIR spectra were obtained from the Perkin-Elmer FTIR 1650 spectrophotometer at room temperature using KBr disc method for characterizing the polymer. To prepare the disc method, the sample was dried and grounded with the KBr powder until they were in a well mixed, powdered form. The powder was then pressed at 8 tons for 1 min to produce the disc. The sample was scanned at wave number range of 4000 -400 cm -1 .
Thermo gravimetric analysis (TGA) technique
The TGA analysis using Perkin-Elmer model TGA 7 Thermo gravimetric analyzer was used to measure the weight loss of the samples. The samples were heated from 30-600°C with the heating rate of 10°C min -1 under nitrogen atmosphere with a nitrogen flow rate of 20 ml min -1 .
UV-visible technique
The UV-visible spectra using Beckman DU640 UV-Visible spectrophotometer was used in the quantitative determination of solutions of transition metal ions and highly conjugated organic compounds. The sample was dissolve in chloroform and was placed in the glass tub and then put into the machine by using 600 nm wavelengths. Table 1 and Figure 1 show the FTIR assignment and spectra of acrylonitrile, polystyrene and grafted polymer (polystyrene grafted with acrylonitrile modified with activated carbon), respectively. For the FTIR analysis in pure acrylonitrile, there are peaks detected in between the region 3076 -2857 cm -1 which correspond to the CH stretch in alkene. The CN peak is detected at 2229 cm -1 which is the main functional group in acrylonitrile. Moreover, the band of C=N appeared at 1614 cm -1 corresponding to the resonance of the nitrile group when it was in the acrylonitrile form and very strong broad band appear in the spectrum of acrylonitrile at 965 cm -1 which indicate the mode of C=C and CH 2 bands. The peaks within the range of 685 -1412 cm -1 correspond to the C=C stretch, C-C stretch, and C-H stretch in alkene structure. For FTIR in polystyrene, there are detected some peaks between the region 3059 -2850 cm -1 which correspond to the CH alkene and aromatic ring. Then the peaks within the range 1942 -537 cm -1 correspond to the C=C stretch, C-C stretch, and C-H stretch in alkene and aromatic structure of polystyrene. For the grafted polymer (polystyrene grafted with acrylonitrile modified with activated carbon), the CN still can be observed at 2242 cm correspond to the present of C-H, C=C, C-C functional groups that appeared in the structure of both acrylonitrile and polystyrene. However, the spectrum of polystyrene alone has no indication of (-CN) absorption band, this band 2229 cm -1 appears in the grafted polymer at 2242 cm -1 for CN. Moreover the band of C=N appeared at 1614 cm -1 corresponding to the resonance of the nitrile group when it was in the acrylonitrile form. The peaks of grafted polymer for both C=N and C=CH 2 are detected in 1600 and 967 cm -1 (Colthup et al., 1975) .
RESULTS AND DISCUSSION
FTIR analysis
Thermo gravimetric analysis (TGA) analysis
The results of TG curve of pure acrylonitrile showed that acrylonitrile decomposed at temperature range 33.87 -139.61°C with total weight loss of 99.66% (Thomas et al., 1997) . Figure 2 shows the TG curve of pure polystyrene which decomposed at temperature range 266.83 -447.11°C with total weight loss of 99.07%. However, the TG curve of grafted polymer (modified with activated carbon) showed the final weight loss occurred at temperature range between 368.72 -501.91°C with 58.17% due to decomposition of grafted polymer. Figure  3 the initial weight loss of 17.54 % at about 35.47 -192.68°C due to decomposition of poly-acrylonitrile and the TG curve at 263.10 -354.95°C showed the weight loss of 8.26% due to decomposition of grafted polymer (without modified activated carbon). So the temperature decomposition of grafted polymer (modified with activated carbon) is higher than temperature decomposition of pure polystyrene and grafted polymer (without modified AC).
UV-visible analysis
The UV-visible analysis was done by using chloroform as a solvent at different concentrations. Figure 4c shows that the two absorbance peaks of grafted polymer (modified with activated carbon) are 1.8018 and 0.1766 at wavelength 261.0 and 216.0 nm respectively as shown in Table 2 . For the acrylonitrile, the absorbance peak with shoulder is 0.2545 and 0.1464 at wavelength 293.0 and 262.0 nm respectively, as shown in Table 2 and Figure  4a . For the pure polystyrene, the absorbance peak is 2.3276 at wavelength 260.0 nm as shown in Figure 4b . There are two peaks for the spectrum of grafted polymer (modified with activated carbon) that observe the transition metals in the composition. The absorbance 1.8018 for grafted polymer (modified with activated Radhi et al. carbon) and 2.3276 for polystyrene occurred at wavelength 261.0 and 260.0 nm respectively. At Table 2 illustrated that there are aromatic ring in the both compounds. In acrylonitrile, the absorbance 0.2545 and 0.1464 at wavelength 293.0 and 262.0 nm respectively shown the C=C and C≡N groups.
Conclusions
It was possible to graft a monomer onto polystyrene by a free radical process such as acrylonitrile and modified with activated carbon using gamma irradiation. The extent of GP formation or efficiency of polymerization is dependent on the amount of monomer, FAS catalyst and gamma irradiation dosage. In this study, it was found that for 2 gm of polystyrene (polymer), 90% (w/w) acrylonitrile (monomer), 2% FAS (catalyst), 1% activated carbon and 1.25 Mrad gamma dose were the optimized conditions required for the polymerization of GP. The formation of a GP was successfully carried out using activated carbon to improve the GP. The new GP was characterized by FTIR, UV-visible spectroscopy and TGA analysis.
